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Abstract: The study of plant responses to abiotic stress is one of the most active research topics in plant 
biology, due to its unquestionable academic interest, but also because of its practical implications in agriculture, 
since abiotic stress (mainly draught and high soil salinity) is the major cause for the reduction in crop yields 
worldwide. Studies in model systems, such as Arabidopsis thaliana, have allowed to define general, basic 
molecular mechanisms of stress responses (regulation of osmotic balance and ion homeostasis, synthesis of 
protective metabolites and proteins, activation of antioxidant systems, etc.). However, these responses, in most 
cases, do not lead to stress tolerance; in fact, Arabidopsis, like most wild plants, and all important crops are 
rather sensitive, while some specialised plants (halophytes, gypsophytes, xerophytes…) are resistant to drastic 
abiotic stress conditions in their natural habitats. Therefore, the response mechanisms in plants naturally adapted 
to stress must be more efficient that those which operate in non-tolerant plants, although both may share the 
same molecular basis. We propose that these quantitative differences are dependent on, and modulated by the 
edafoclimatic properties of the habitat where plants develop, and by spatial and temporal changes of those 
properties. In this paper we describe our multidisciplinar approach to study the mechanisms of tolerance to 
abiotic stress, based on the determination of the levels of several molecular markers, characteristic of different 
pathways of stress responses, in tolerant wild plants under natural conditions; the results obtained will be then 
correlated with climatological data and with those derived from edafological assays, performed on samples 
collected simultaneously with the plant material. This strategy may contribute to our knowledge on stress 
response mechanisms, providing complementary information to that obtained from more common studies in this 
field, which use non-tolerant model species and laboratory or greenhouse artificial conditions.  
 
INTRODUCTION 
 
Abiotic stress can be defined as any environmental condition, apart from the action of 
other organisms, which reduce the growth, survival and/or fecundity of plants: draught, high 
soil salinity, floods, extreme temperatures (too high or too low), reduced light level or excess 
of UV radiation, acidic or alkaline soils, soils poor in nutrients, etc. All important crop plants, 
as most wild species, are quite sensitive to abiotic stress conditions. The initial domestication 
and further development of crops through agriculture's history, by selecting for characters 
such as rapid growth, biomass accumulation, fruit and seed production, and so on, have not 
improved stress tolerance. On the contrary, crop species are probably more sensitive to stress 
that their wild ancestors, since inhibition of vegetative growth and reproductive development 
is the first and most general response to stress of plants, which invest all their resources 
(energy, metabolic precursors) to survive the adverse environmental conditions [14, 23].  
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 However, there are plants naturally adapted to (sometimes extremely harsh) stress 
conditions. They include, for example, salt-tolerant plants (halophytes), plants of arid lands 
(xerophytes), or plants growing in gypsum soils (gypsophytes), which combine salt and 
draught stress; all these habitats are also, in general, poor in nutrients. Despite the 
unfavourable conditions to which they are subjected, these specialised plants are able to 
survive and complete their life cycle in their respective environments. Due to their 
unquestionable academic interest, many botanical and ecological studies have been carried 
out on halophytes, xerophytes, gypsophytes and their habitats. In specific cases, the stress 
responses of these plants have also been investigated at the physiological or biochemical 
levels, although generally under laboratory or greenhouse conditions, which allows a stricter 
experimental control but do not reflect the natural environment of the plants. In any case, very 
little is known about the molecular basis of stress tolerance in these wild plants. 
Paradoxically, most studies on plant responses to stress have been performed using non-
tolerant model species, such as Arabidopsis thaliana or, to a lesser extent, some crop plants 
[13, 22, 23] which a priori do not seem to be the most appropriate for this kind of research.  
 
 The use of non-tolerant models in the investigation of the molecular mechanisms of 
plant stress responses can be justified, at least partially, because there are many evidences that 
all plants, sensitive as well as tolerant, use the same effectors and basic stress response 
mechanisms, and that these are to a great extent common to different types of abiotic stress [9, 
18, 19, 22]. In other words, the differences observed in the responses to stress of tolerant and 
non-tolerant species are of a quantitative rather than a qualitative nature. The most important 
and general of those mechanisms are briefly described below 
 
i) most abiotic stress conditions (salinity, draught, high and low temperatures…) include an 
osmotic component and cause cellular dehydration; therefore, basic response mechanisms 
involve the control of water transport and ion homeostasis: activation/inactivation of 
aquaporins and ion transport systems, acting at the plasma membrane and the tonoplast and 
leading, for example, to the reduction of cellular water loss or the accumulation of toxic ions 
in the vacuole 
 
ii) another general response to stress is based on the synthesis of protective molecules, 
including low molecular weight compatible solutes, or osmolytes (sugars, polyalcohols, 
amino acids such as proline, quaternary ammonium compounds, etc.) and different specific 
proteins (heat shock proteins, LEA proteins, osmotin, etc.) 
 
iii) most stress conditions cause, as a secondary effect, the generation of “reactive oxygen 
species” (ROS), that is, oxidative stress; accordingly, the activation of antioxidant systems is 
also a general response to stress in plants. These antioxidants include a wide variety of 
chemicals (reduced glutathione, carotenoids, vitamins E and C, flavonoids and other phenolic 
compounds, etc.) and several enzymatic systems (superoxide dismutase, catalase, ascorbate 
peroxidase, glutathione peroxidase, glutathione reductase…). 
 
Despite the use of the same molecular mechanisms, it is clear that in most plants 
(including the Arabidopsis model and crop species) these responses do not lead to tolerance, 
even to relatively mild stress conditions, while they do in wild plants adapted to particular 
types of stress (halophytes, xerophytes or gypsophytes). Therefore, it seems logical to assume 
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that the molecular mechanisms of response to abiotic stress of wild tolerant plants are more 
efficient than those operating in non-tolerant species. 
 
 In our opinion, these specialised wild plants represent useful complementary models, at 
present underutilized, for the study of stress response mechanisms at the molecular level. 
Eventually they could also be used for the isolation of genes for the molecular breeding of 
stress tolerance in crop plants. A number of genes encoding stress tolerance determinants 
have already been isolated from non-tolerant plants (again, mostly from Arabidopsis 
thaliana); their expression in transgenic plants confer variable (although generally modest) 
levels of tolerance, and there is as yet no commercial transgenic stress-tolerant crop; but the 
overexpression of some homologous genes from tolerant species may confer stronger 
tolerance phenotypes. Therefore, there is the possibility to use these plants (halophytes, 
gypsophytes and xerophytes) as genetic resources for the improvement of crop stress 
tolerance. This represents and additional, practical reason for the protection of their respective 
habitats, which are extremely interesting also from an ecological and botanical point of view, 
but are, in general, highly threatened by human activities and the foreseeable effects of global 
climate change. 
 
NATURAL HABITATS UNDER EXTREME ABIOTIC STRESS CONDITIONS 
 
High salinity ecosystems. These special habitats are characterised by the presence of high 
salt concentration in the soil, mostly NaCl, and include a wide variety of terrains, generally 
humid lands such as salt marshes, swamps or areas subjected to periodical floods, but also 
some very dry zones, such as dunes or cliffs by the sea. The vegetation type in these zones 
mostly depends on the physical and chemical properties of the soil. Halophytic plants, 
adapted to these ecosystems, show different salt tolerance levels, but extreme halophytes are 
able to survive in the presence of NaCl concentrations even higher than 0.5 M, equivalent to 
that of seawater [3]. 
 
 At present, these ecosystems are highly threatened, mostly by human activities 
(industrial pollution, urban development, agriculture) and many salt marshes worldwide are 
degraded or have altogether disappeared. In the Iberian South-eastern coast, the situation is 
especially critical, since the littoral strip is densely populated and supports practically all 
agricultural activity, a large part of the industry and an enormous urban development and 
tourist pressure. Consequently, over the last few decades many salt marshes and dune habitats 
have been irreversibly degraded, since these are very complex and fragile ecosystems. Those 
that are still maintained without major alterations are now legally protected and include 
highly interesting halophytes, some of them endemic and/or threatened species. 
 
Ecosystems on gypsum soils. Gypsum soils are common only in arid or semi-arid climates, 
since abundant rainfall eliminates it from the surface towards deeper soil layers [10]. Some of 
the largest European gypsum deposits are located in Spain, mostly in the Southeast of the 
country, especially arid [8]. These soils represent a very stressing environment for the 
vascular flora colonising them, which is extremely diverse and includes many endemic, rare 
and/or threatened species. For example, in the Iberian Peninsula there are about 30 endemic 
gypsophyle species [7]. In addition to the general arid conditions of the soil, gypsophytes 
must also tolerate salt stress, although caused by sulphate and calcium ions (not the common 
sodium and chloride); apart from their toxicity at high concentrations, CaSO4 can interfere 
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with nutrient uptake by the plants, in soils already very poor nutritionally due to their low 
vegetation level. Even the physical soil properties are important for the distribution of the 
vegetation: the hard gypsum superficial layer may block the growth of some species after seed 
germination. Due to human influence (extraction of gypsum as material for construction, 
urban development), the Iberian gypsophyle communities are considered as some of the most 
threatened habitats in Europe [11], and many gypsophytes are protected by local, national and 
international laws [8]. 
 
Ecosystems of arid and semi-arid zones. Contrary to the previous examples, in these 
habitats the vegetation distribution does not depend so much on the soil characteristics, but 
rather on the climatic conditions. In the Mediterranean basin, the most important factor is 
water availability, although nutrients are also normally limiting. Excess of radiation is often 
an additional source of stress for the plants present in these ecosystems [17]. These arid zones 
are considered as the most sensitive to global climate change; therefore, an increased 
knowledge on the way that plants respond to abiotic stress will help to foresee the ecological 
consequences of this change. 
 
Desertification and climate change. The threatened situation of the above-mentioned 
habitats, apart from human influence, will worsen in the next decades in many world regions, 
according to the predictions, even the less pesimistic, of global climate change models: an 
increase in average temperatures, a general decrease of rainfalls with alteration of their 
seasonal patterns, and more frequent, intense and longer draught periods [e.g., 2]. As for most 
of the Mediterranean basin, the Spanish South-East will probably be one of the most affected 
European regions. The NaCl concentration will increase in salt marshes and some of them 
may even become dry. The aridity will also increase in zones already arid or semi-arid. There 
will be changes in the distribution of vegetation and a loss of biodiversity. In summary, there 
will be an increase of desertification by soil degradation due to human influence and climate 
conditions. Soil degradation is a serious problem, considering its important functions: soil 
represents the growth medium of plants, acting as physical support and water and nutrients 
reservoir; it also acts as distributor of surface and underground water, regulating water flow in 
the environment, and has the capacity, to a certain extent, to reduce the deleterious effects of 
contaminant substances through different physical, chemical and biological processes. The 
balance naturally maintained in the soil can be easily altered by human activity, especially in 
habitats where environmental factors make than equilibrium more fragile, as in those selected 
for our studies and described here. 
 
Abiotic stress and soil quality. Soil resources required for plant growth are heterogeneously 
distributed, with high spatial and temporal variability [5, 6]. This characteristic of natural 
habitats may have ecological consequences [21], affecting plant growth and biomass 
distribution between roots and aerial parts of the plant [20]. In natural environments, 
microhabitat factors such as light, water and nutrients interact with the macro and microfauna, 
affecting plant development. Therefore, the study of nutrients (N, P, K) and the characteristics 
of microhabitats affected by abiotic stress may help to understand the spatial distribution of 
species in these zones.  
 
The physicochemical soil properties, as well as its stability and fertility, are determined 
to a great extent by the numerous and complex community of microorganisms living in it. 
Several parameters can be used to analyse the microbiological properties of the soil. For 
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example, the microbial biomass (MB), which is part of the soil energy and nutrient reservoir 
[4, 15], or different measures of its biological activity based on the ATP content, respiration 
or several enzymatic activities [1, 12, 16]. However, there is at present very little information 
regarding how environmental stress conditions may affect the biology of the soil in saline, 
arid or gypsum zones. 
 
STRESS RESPONSE MECHANISMS IN WILD TOLERANT PLANTS 
 
Considering the ideas discussed before, we believe that the study of stress responses in 
wild tolerant plants, in their natural habitats, may contribute to the knowledge in this field, 
providing information complementary to that obtained using model species under laboratory 
and greenhouse artificial conditions. In addition, since these species and their habitats are 
highly threatened, these studies may also help to establish conservation and/or recovery 
strategies to avoid the biodiversity loss, which would derive from the degradation of these 
interesting ecosystems.  
 
Accordingly, we have started a long-term research project to investigate stress tolerance 
mechanisms in a limited number of selected halophytes, xerophytes and gypsophytes, in 
habitats located in the Valencia province. For this, the levels of some of the biochemical and 
enzymatic markers mentioned above, characteristic of different stress response pathways, will 
be determined in plants collected from the field several times throughout the year. We 
propose that these mechanisms would be dependent on, and modulated by the spatial and 
temporal changes in the edafoclimatic properties of the habitats where plants grow. Therefore, 
and since the growth conditions of the plants cannot be experimentally controlled, variations 
of these markers will be correlated with the specific climatologic conditions in the sampling 
sites and with the soil properties, analysed in samples taken simultaneously with those of the 
plant material. Comparative studies between different species present in the same habitats, 
and between species with different levels of tolerance but similar genetic background (e.g., 
species from the same genus), will help to distinguish which of the observed responses are 
important for stress tolerance and which are not.  
 
Experimental approach. After collection of plant material in the field, the content of 
different metabolites in the samples will be determined in the laboratory, including: i) mono 
and divalent cations (Na+, K+, Ca2+, Mg2+) and anions (Cl-, SO42-), as markers of stress 
response mechanisms based on the control of ion homeostasis. ii) osmolytes (Pro, glicine 
betaine, sugars, polyalcohols, etc.), involved in the regulation of intracellular osmotic balance, 
but also with a direct effect protecting macromolecules and as scavengers of ROS. iii) 
antioxidant chemicals: total phenolic compounds and, specifically, flavonoids, ascorbic acid, 
reduced glutathione. We will also determine the levels of some conserved protective proteins, 
such as members of the different families of HSPs (heat shock proteins), as well as the 
specific activity of several enzymatic antioxidant systems (superoxide dismutase, catalase, 
glutathione reductase, etc.). Eventually, these studies will be extended to other proteins, 
antioxidant enzymes and metabolites. 
 
Soil samples will be collected at the same time that the plant material, to determine the 
microbiological activity (organic C, C and N of the microbial biomass, ATP content, several 
enzymatic activities, etc), macro and micronutrients (nitrate, ammonium, phosphorus, 
potassium, etc.) and ion contents in the soil of the experimental plots. 
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We will also obtain continuous data on the temperature, humidity and electric 
conductivity of the soil, installing in the experimental plots the appropriate probes, connected 
to a datalogger from which these data will be downloaded every month. The air temperature 
and rainfall will be similarly registered.  
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